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ANKa R&D of superconducting AT
undulators

Develop, manufacture, and test superconducting undulators (SCUs) to generate:

o Harder X-ray spectrum
o Higher brilliance X-ray beams

with respect to permanent magnet undulators.

?
Why Super—
. . . ducti
Larger magnetic field strength for the same gap and period length. iron Poles Cols
. IVU* CPMU' SCU NbTi | SCU NbTi
e SCU15 with NbTi APC wire
o SCU15 with NbTi wire
E 1000 : |- g oS A, [mm] 19 17.7 15 15
3 \\ —vu1s ) # of periods 105 112 133 133
5 VN : magn. Gap [mm] 5 5.2 6 6
E 100} : B[T] 0.86 1.04 1.18 1.46
g K 153 | 172 1.65 2.05
©
¥ . IVU= in-vacuum undulator
o 10 : g A given pho’ron energy (?an CPMU-= cryogenic permanent magnet undulator
= IE_Z%geVA \\ 1 be reached by the SC.U with SCU=superconducting undulator
= [ oianmrad 1 lower order harmonic: 20
m ] Xl l keV r'QGChed WITh 'H'\e 7“1 * F. Bgdker et al., EPACO06
0 5 10 15 20 25 30 35 harm. of SCU, with the 9th 7 C.W. Ostenfeld & M. Pedersen, IPAC10
E (keV) har'm. Of CPMU and Of IVU. ** D. Saez de Jauregui et al., IPAC11
T T. Holubek et al., IPAC11
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g Motivation AUT

Karlsruhe Institute of Technology

Task within our R&D program :

Improvement of magnetic field properties and quality assessment.

Magnetic errors can cause:

Perturbation of the closed orbit and the dynamics of the electron
beam

®» Field integral measurements are needed

Reduction of the quality of the emitted radiation

® Perform local field measurements to obtain phase error
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T Main errors in QAUT

superconducting undulators

Field errors are mainly caused by:

o Mechanical deviations of the pole position e.g. the pole height
o Deviations in the period length

o Bending of the yoke

o The position of the superconducting wire bundles

o Pole and wire bundle size

Undulator
Error in
_ pole size
Pole

Error in pole

=p-¢ beam Error in wire

o position
I position
Wire bundle Error in wire
bundle size
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J“) CASPER - &‘("

Characterization Setup for
Field Error Reduction

CASPER T - Measurement setup for short undulator
mock-up coils

CASPER II - A measurement system for undulator coils up to
2m length
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g CASPER I setup AT

Karlsruhe Institute of Technology

» Perform magnet training and quench tests
Linear positioner

for sledge
movement

> test new winding schemes,
> new superconducting materials and wires,

Current leads

> and new field correction techniques

General: Temperature

o Operating vertical shields

Liquid nitroger
chamber

o Test of mock-up coils in LHe
o Maximum dimensions 35cm in length

and 35 cm in diameter
Liquid helium

Instrumentation: chamber

o Keithley constant current source

(Hall current) Mock-up

©

Keithley multiplexer voltmeter (Hall (SSSS
voltage) | > ~~ Vacuum chamber

o 1500A/+5V and 500A/+5V power supplies providing coil operci.iring currents

©

Quench detector for coil protection

Data logging system for quench analysis E. Mashkina et al., EPACO8
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e Local field measurements QT

Karlsruhe Institute of Technology

o Magnetic field distribution
measured with Hall samples

o 3 calibrated Hall samples clamped to
a holder and mounted to the sledge

o One in the middle and two at + 10mm
perpendicular to the beam axis to
measure roll of f

o Sledge moved from outside by a
lonear stage with stepper motor,
gear box and a low expansion
coefficient non magnetic tube
(system resolution 3 pm)

o Sledge guiding via brass rails
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? ﬁ Accuarcy limits AT

Karlsruhe Institute of Technology

Errors effecting local field measurements
1. Errors caused by Hall sample calibration.

2. Measurement errors due to mechanical misalignment of the guiding rails or the field

sensors . .
Physical Properties Sample HHP-VU 01
25 E Ll LAAALLLLL) ALLAS AAARRALN RALRARALEY LARARRRRAN LAAARRRRRS LALRARALAY LARARARA"
Mefxsur'en?en‘r System 0] Toa2K
Hall sample calibration -
(ITeP at the KIT)
~ 10 <
>
g s
=
o 0
g
S .5
S
= i
“ = O Hall Voltage
160 7 T T Sarlnple H:—]P-VUIOI T T ™ a 15 Linear Fit
14031 o Hall Voltage SD & _20_5 ——Fit 5th order | :
1204 — Linear Fit 0.0016 E —— Fit 9th order | :
10041 Fit 5th order 1.01756 *10™ E " E
8031 — Fit9th order 50776 *10° E i il i Skl sl S el L L U S
S 603 = 3 -0,30-0,25-0,20-0,15 -0,10-0,05 0,00 0,05 0,10 0,15 0,20 0,25 0,30
E 404 E
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% 0 ]
2 20 E
T -403 E
2
S -804 7
-100 3 E
204 T=42K 3
-140 E
=160 Frprrerrrre LLARALLALL LLARLLALLL LRALLALLALS LLARLLLLL LAARAALLAL LhAARLLLLL RALAALLLL) |':
20 -5 -0 05 00 05 10 15 20
Magnetic Flux Density B (T)
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T Mechanical accuracy limits  \IT

Guiding rail sledge

Sledge

)gm:

Karlsruhe Institute of Technology

Relative alignment precision of guiding rails 20um.
For the Hall probe in the middle the distance to
coils changes by 10um.

In x-direction the field is fairly uniform
® error is negligible

In y-direction the 10um yields according
to [1] with A,=0.015 to:

[.

Hall samples 2 ﬂ'Ay AB
cosh —=|=l+—r  AB/B=9*10®
» B
In longitudinal direction Az <5 ym
[1] Zachary Wolf, “Requirements for the LCLS
Undulator magnetic measurement bench”,
The Gngle errors cause a AB/B < 5 * 10_8 Technical ~report # LCLS-TN-0, 4-8
http:/www-ssrl.slac.stanford.edu/Icls/technotes
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11

ANKA

Measurement activities

Quench tests and analysis

o Test coils electrically divided in sections

(Voltage taps)

o Data logging system with 16 Channels
(100 kS/s max., Company IMC)

o System trigger from quench detector
Quench at 300 A

g T T T T T T T T T

AT

Karlsruhe Institute of Technology

——VTA_VT1

VT1_VT2
——VT2_VT3

VT3_VTB
—— VTB_VT4
—— VT4 _VT5
——VT5_VT6

Quench at 654A

200
180 3 —VT2-VT3 ,
—VTB-VT4| 1
160 ) ——VT4-VT5| |
1404 ——VT5-VT6 | | E
j| ——VT6-VTC| 1 E
~ 1204 112 ms
> }‘(‘ LJ
0 3 3
en 80 3 3
sl
S 603 3
> :
40 -
¢ I I e T A T N
VES
-20 3
Frrrrrr ALY ALY | LALLLAALL phrrrre T | LLLLLALL ALALLAY MALLLAY | RLLLLAALL | LLLLLALLY ALY
60 -55 -50 -45 -40 -35 -30 -26 -20 -15 -10 -5 0
Time (ms)
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T Measurement activities

Tests and measurements on structured HTS tapes
Idea: To build an undulator out of stacked structured HTS tapes

AT

Karlsruhe Institute of Technology

S. Prestemon et al., IEEE Trans.
on Appl. Supercond., Vol 21,
No. 3, 1880-1883 21-3 (2011)

. By
i~ L R 7 S Per'fOl"m f'eld measur‘ements Hall probe Fao il ot il o B 0 .
. : trajectory l T R e >
S current lead y —
- A

vvwkugu

B J—— ——
B e —_
e

[\

i

1 1 L 1

i

| ——300A ——500A ——B00A ||

° N1
Y 0
U
R 5
Test maximum current
03 —_—LL
a) structured not structured 10+
tape tape
15t
= 02- L I
_S -60 -40
>1 L
= |1,=652A 1,=1940 A
w o1 X . J
‘ T=42K
% 50 1000 1500 2000 2500
1 [A]
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T Measurement activities AT

Superconducting switch (SCS)

o Switching the period length allows fo increase the tunability of
an insertion device
o Superconducting undulator/wiggler (SCUW 18/54) planned for
the IMAGE beamline at ANKA
» High brilliance of the undulator 6keV to 15keV for imaging,
wiggler mode for higher photon energies (phase contrast

N7

E =2.5 GeV
1L I1=200 mA
€ =40 nmrad

01}

0,01

Brilliance (10" ph/s/imrad’/mm®/.1% BW)

tomography) esl
o Current has to be reversed in a separately powered subset of e g 8
the wind ings Energy (keV)

o Use SCS instead of two power supplies (conduction cooled)

10001 ,mnt in circuit 1

800 : : FlnG”y The
2- 600l @ = 200 A/min | .
= | heating power
2 | was reduced
H‘1&HI2@1‘W, \ I'Ié’:&H:loffI I:I1&Il|20ff. ;-|38.H4@I1WI 1-0 Zoomw per'
g:g: —— Hall probe signal heaTer pa' r'.
— 0.4r 1
SR liquid helium e 0-3' 1
: helium gas 02k
N3 vacuum Q 0.4
: -06
i Circuit 2 08p Ty e ‘ i
: 0 200 400 600 800 1000 1200 1400
2 B Sl t [s]
teSt_,:on' T. Holubek et al., IEEE Transactions
R - ‘__5 ; g M He on Appl. Superconductivity, Vol. 23, [1] R. Schlueter, S. Prestemon,
— No. 3, 3800104 (2013) Synchrotron Radiation News, 2004
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T Final Device AUT

Karlsruhe Institute of Technology

Light source under development in collaboration with BNG for the beamline NANO at ANKA

Period length 15 mm
Number of full periods 100.5
SV/II?E ?.Zkrln(r)rrll ;an):gsnetic gap 143 T
zﬁﬁ glfrllcrln();:;llsetic gap 0.77T
Max field in the coils 24T
Minimum magnetic gap 5.4 mm
Operating magnetic gap 8 mm
Operating beam gap 7 mm
Gap at beam injection 16mm
K value at 5.4 mm magnetic gap 2
Design beam heat load 4W

C. Boffo et al., IEEE Trans. on
Appl. Supercond Vol. 21, No. 3,
1756-1759 (2011)
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T Cryostat CASPER II QAT

Karlsruhe Institute of Technology

The goal...

Measure magnetic field distributions of superconducting coils with dimensions like in ,real®
IDs (e.g. up to ~2 m length, ~60cm diameter)

Cryocooler Guiding rails

vliz.n‘ﬂcs lfor i (1 stage) 50K for sledge transition
radiation shielding 300]{ to cold part
X-y-positioning system Stlcl:i_gc
stretched wire ppen :
position Extensions for

measurement setup parts
3-beam laser

mlerfemmeter

! @ Femil uunuMMununm L (TRl
S 1 T |uuwnnuun|'||nn|

support

Actuator 1 for
sledge movement Stretched

wire (CuBe)

Actuator 2
x-y-positioning ~ for sledge

Cryostat delivered 2011 _system  movement
stretched wire
Zero gauss Feedthroughs . A Turbo- =
chamber lcu_lpc-ral_uErCA " . pump  8OK
o Vertical configuration (in vacuum) pressure e i %
gauge etc. (2 stages) Cl:;n::l GRP- 7z
o Temperature shields to reduce thermal load o bracket
. - A. Grau et al., IEEE Trans. on Appl.
o Partially cryogen free : Supercond., Vol. 22, No. 3, 9001504 (2012)
% To 4K via cryocooler
% precooling 4K plate and thermal shields (80K) with liquid N,
For quality certification of new
o Dimensions 4K region 2m x 0.5m x 0.5m sc-insertion devices developed
- ethe i e ind ial
o Current leads 8 x 500A, can be variable connected together with the industria
partner Babcock Noell GmbH.
o Local and integral field measurements possible, access through the flanges
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e The cryostat QAT

Karlsruhe Institute of Technology

4K plate & 50K shield
=== =

Final acceptance test (copper braid =2

T50mm ==L platgr/ 0«_&
{® = LD

Testsetup to simulate \ it
‘rempem‘rur‘es in 4K zgg """s"'n;Kpm'c'_
. qw“ﬁ,' X T2 (cold head) ]
reg'on. 260 3 S = g ® T3 (brass block) 3
240 5 2 3 % 3
22042 Q E \? 3
—~ O .O. £ 51 3
Component Specified value Reached value i 2007 o <% & 3
> 180 R 2 49 % E
= 9.: Q e ————————
Temperature 8OK-plate T<8K D 83K g 160 ! 3] m"“‘m’*“;
5 140
Temperature 80K-shield T< 100K D81 K ;- 120 80 85 90 osTwo(L())s 110 115 120-
me E
Temperature 50K-shield T<60K @46 K = 100 3
80 - 'Ullll tuuuuuluuuuuulunu:nun
Temperature 4K-shield T<I0K @52K 60 Z 50 K shield % 4 """"‘ N
Temperature 4K-plate (T1) T<4.5K @48 K ;g i % 3 :
v targeted < 4 K 33K o T Corassbiock) o, :
« E 57 0 10 20 30 40 50 60 70 80 90 100 110 120
T3 35K Time (h)
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X-y-positioning system

Zero gauss chamber

17

Karlsruhe Institute of Technology

Baffles for radiation shielding Coil support structure Stretched wire

(stainless steel)

Tl Setup AT
&

Actuator for
sledge movement

Superconductive Coils

Guiding rail sledge/  Sledge
spacer for gap parking
position

stretched wire

Guiding rails Hall

>
Inter
ferometer

for sledge transition . samples
cold to warm part 7 AY
Y b X
Embedded : S
. . 7 X guiding wheels #§ X
Field sensors: 3 calibrated Hall probes on a sledge | T
Pow&_:rlund signal W;rfi for
. . . . wiring Hall . sledge
Hall current provided by a Keithley precision current samples movement

source
o Position measurements with a 3

Hall voltage measured with a Keithley multichannel beam laser interferometer (SIOS)

voltmeter

s 1
Field integral measurements with stretched wire ® Precise z-position Az ~ 10

technique (CuBe wire @125um) ® Values for angle deviation of

Position adjustment for stretched wire in x-y-direction the sledge during movement

via linear piezo stages with encoders (precision ~1um)
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T Position measurement QAT

Karlsruhe Institute of Technology

Laser interferometer (3 beams)

o Measure z-position of the sledge (1 beam) Commercial interferometer with
two prisms attached for beam

o Angle deviation during moving (3 beams) distance rescaling.

Usable gap in the undulator max. 7mm.

®» Beam distance has to be reduced from 12mm,
beacuse usable gap in the undulator max. 7mm

Deflection
mirrors

Mirrors for 12 Adjustment
beam deflection : K adaptor

A

) Company SIOS

|- N
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ANKA

Local field measurements

AT

Karlsruhe Institute of Technology

3 Hall probes in a row placed perpendicular o beam axis (10mm distance)

Guiding rails

Sledge with
Hall samples in
parking support

Movement
to parking position
(during stretched

wire measurerrfy 3
\\.
N

N

Power and signal
wiring Hal samples

sledge

Actuator R
for sledge 7™ am, N 7zaY
movement \ : \
Bobbin for
taut wire X
19 06.06.2013 IMMW 18
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Sledge movement by a taut wire for each
direction spooled on a bobbin at each side

mounted in the extensions of the
cryostat.
3 Hall Coils without support structure
samples ' Taut wire for
sledge movement
Sledge

Moving Guiding rail sledge/
directions _, \ spacer for gap

A/V

Taut wire
for sledge
movement

Laser beams
interferometer

Superconducting Undulator Coils at ANKA
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AR Test setup (T

Karlsruhe Institute of Technology
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T Stretched wire setup AT

Karlsruhe Institute of Technology

©

Copper Beryllium wire Deflection r?lls . Deflection r(.)HS
Constant tension (T)

v

©

Diameter 125um

©

Length through the whole cryostat ~2.5m

L~

Movable along 2 axes (150mm x-axis,
20mm y-axis) synchroneous or opposite
directions

CuBe wire J=125um

X-y piezo stages Wire clamp

E rror consi der-afion Wire clamp (movable, clipped to spring) (fixed)

Accuracy limit is set by the sag Ay in the middle (I/2) of the wire and depends on the tension

and the Self’we'gfh [1] Resulting Error in the field integral from [2]

l Wy 5 1 AL, 1(2zY 27
Ay| — |z ——8 = _82um - Y~ —| == | cosh| ==Ay | (Ay) =5.9x107*.
2 8 T Iy 2 ZU ZU

WlTh QCUBC = 125 um,

W5, = 0.064g/m, and @ Result for sag checked with a testsetup with 1=2m and 7= 620g.
A,=0.015m . . .

v @ Vertical distance between the CuBe wire and table surface at
[1] G. Bowden “stretched wire mechanics,” both ends and in the middle Of the wire measured with gauge
Technical report, #SLAC-Pub-11465, Stanford bIOCkS.

Linear Accelerator Center, 2004

[2] F. Ciocci et. Al ,,some considerations on the » YIelded to a 509 Of Ay: 50/Jm

SPARC undulator magnetic measurements,"

Technical report #SPARC-FEL-06/001, ENEA % good agreement with Ay = 53um from calculations [1]

Frascati, 2006
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T Additional components QAUT

Karlsruhe Institute of Technology

Field shielding chamber to adjust the zero-point of Hall samples when cold

Slit for Gauss chamber, 1.5mm p-metal
(double wall) Gauss

chamber *

sledge
passing

Guiding rail |
for sledge ©

Stacked racetrack coils mounted in Helmholtz configuration to check calibration curve
of the Hall samples
230

o Field at I=400A in the SC wire 650mT /

o Field homogeneity over 20mm in the 1.2mm x 4.5mm
center 0.15mT | 4mm x 4.5mm

o In the design phase, improvement possible

Superconducting
winding packages

o Design and winding at KIT
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ﬁ Activities QAT

First quench tests with a conduction cooled test coil

o Conduction cooling is performed like for the final device connected via a copper braid
(560mm?) to a coldhead

o Temperature reached at the superconducor 3.6K with a gradient of 0.2K to the coldhead
» Improved connection compared to the FAT iég W] s 200
o Reached 200A after a few quenches 25 Jirini ?ii |
o Time to recover from quench ~5min. % gl:) Ez :
o At higher currents (210A) a quench occurs 'g;ég .*‘ “Hertole S Tl
due to superconducter warming (joints) 3 ;3 | Smeml i
o Stable cooling possible up o 190A Z‘E"’L \'\--.__ _____ _,_Sfaﬁi.“fa‘_ff‘.‘ﬂl.gﬂ..l._
» Well above the operation current 155A 303

Test SCS in vacuum
and conduction cooled
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T Next steps QAT

Karlsruhe Institute of Technology

Mechanically

o Final alignment of the guiding rails in the cryostat extensions

o Alignment of the extension parts to each other and fixation

o Final preparation of the sledge for measurements (Hall samples, wiring etc.)

o Alignment of moving stages in the cryostat extensions

o Adjustment of Stretched wire parts

o Define fiducial points at the measurement system for alignment at the cryostat
o Completion of the support structures for the measurement parts

o Assembling of measurement system and cryostat

Sofware programming (LabView)

o Two rotating stepper motors for sledge movement

o Three Linear stages

o Laser Interferometer

o Two x-y axis piezo stages for stretched wire measurements

o Data recording from Hall samples and stretched wire

o Power supplies for main current

o Data acquisition system up to 64 channels, sampling rate 250 kS/s

o Data processing for quench analysis
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